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(54) VALVE TIMING CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a valve 
timing control device which can improve operation of 
an engine brake at the time of cutting fuel, and 
reduce deterioration of a catalyst at the time thereof. 
SOLUTION: An engine is provided with a valve timing $ 
adjusting mechanism which advances or retards an * 
angle of an intake cam shaft for varying an opening 
timing of an intake valve, and a valve lifting adjusting 
mechanism which switches cams for opening and 
closing the intake valve and varies a lifting rate of the 
valve. At the time of cutting fuel, the valve lifting 
adjusting mechanism is controlled so as to reduce an 
opening period of the intake valve as indicated by a 
broken line Y1. In addition, the valve timing adjusting 

mechanism is controlled so as to advance the opening timing of the intake valve as 
indicated by a broken line Y2. As a result, an opening period of the intake valve during an 
intake process is shortened, and an air amount to be intaken into a combustion chamber is 
decreased. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The valve timing control unit of the internal combustion engine having a fuel cut detection 
means to detect that the fuel supply to said internal combustion engine was cut in the valve timing 
control unit of the internal combustion engine having a valve-opening stage adjustable means to 
adjust the valve-opening stage of the intake valve prepared for the internal combustion engine, and 
the control means which carries out tooth-lead-angle control of said valve-opening stage adjustable 
means so that the valve-opening stage of said intake valve may be brought forward when said fuel 
cut detection means detects a fuel cut. 

[Claim 2] In the valve timing control unit of the internal combustion engine having a valve-opening 
stage adjustable means to adjust the valve-opening stage of the intake valve prepared for the internal 
combustion engine It is prepared in order to carry out the closing motion drive of the 1st cam of 
having been prepared in order to carry out the closing motion drive of said intake valve, and said 
intake valve. The 2nd cam with the valve-opening time amount longer than the valve-opening time 
amount when carrying out the closing motion drive of said intake valve by said 1st cam when 
carrying out the closing motion drive of the intake valve, The cam means for switching which 
switches said 1st and 2nd cams according to said internal combustion engine's operational status, 
When a fuel cut detection means to detect that the fuel supply to said internal combustion engine was 
cut, and said fuel cut detection means detect a fuel cut, The valve timing control unit of the internal 
combustion engine having the control means which carries out tooth-lead-angle control of said 
valve-opening stage adjustable means so that the valve-opening stage of said intake valve may be 
brought forward on condition that the cam which carries out the closing motion drive of said intake 
valve is switched to said 1st cam. 

[Claim 3] Said control means is the valve timing control unit of the internal combustion engine 
according to claim 2 which is what carries out tooth-lead-angle control of said valve-opening stage 
adjustable means so that it may lap at the valve-opening period of the exhaust air bulb by which the 
full open valve period of said intake valve was prepared for said internal combustion engine, when 
said fixel cut detection means detects a fuel cut. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the embodiment of an effective valve 
timing control structure, when adjusting the valve-opening stage of the intake valve prepared for the 
internal combustion engine about an internal combustion engine's valve timing control device. 
[0002] 

[Description of the Prior Art] general — internal combustion engines, such as an engine for mount, — 
the inside of the cylinder block — a piston — a round trip » it is prepared movable and the piston is 
connected with an internal combustion engine's crankshaft through the connecting rod. And both- 
way migration of a piston is changed into rotation of a crankshaft by the connecting rod. 
[0003] On the other hand, the cylinder head is attached in a cylinder block and the combustion 
chamber is prepared between the cylinder head and the head of a piston. The combustion chamber, 
the inhalation-of-air path open for free passage, and the flueway are established in the cylinder head. 
The throttle valve which controls the amount of the air which flows this path, and the fuel injection 
valve which injects a fuel toward a combustion chamber from an inhalation-of-air path are prepared 
in this inhalation-of-air path. Moreover, the catalytic converter which equipped the flueway with the 
catalyst for purifying exhaust gas is connected. Furthermore, the ignition plug for lighting the mixed 
gas of a combustion chamber is prepared in the cylinder head. 

[0004] Here, an inhalation-of-air path and a combustion chamber are opened for free passage and 
intercepted by closing motion of an intake valve, and a flueway and a combustion chamber are 
opened for free passage and intercepted by closing motion of an exhaust air bulb. The cam shaft 
equipped with the cam for making these intake valves and an exhaust air bulb open and close is 
supported by the cylinder head pivotable. This inhalation-of-air cam shaft and an exhaust air cam 
shaft are connected with said crankshaft through the timing belt etc. 

[0005] And it sets like an internal combustion engine's inhalation-of-air line, while an intake valve 
opens, an exhaust air bulb is closed, and the mixed gas which consists of a fiiel injected from a fuel 
injection valve and air which flows an inhalation-of-air path is inhaled through this inhalation-of-air 
path by migration of a piston to a combustion chamber. Then, in a compression stroke, both an 
intake valve and an exhaust air bulb are closed, and the mixed gas of a combustion chamber is 
compressed by migration of a piston. The compressed mixed gas is lit with an ignition plug, and 
explodes, a piston moves to the above and hard flow by the explosive power, and an internal 
combustion engine moves like an explosion line. Then, it sets like an internal combustion engine's 
exhaust air line, while an intake valve closes, an exhaust air bulb opens, and the exhaust gas of a 
combustion chamber is discharged by migration of a piston through a flueway and a catalyst outside. 

[0006] By the way, in the internal combustion engine constituted in this way, by using the valve 
timing adjustment of a publication for the patent extraction-of-the-square-root No. 5430 [ five to ] 
official report, for example, closing motion properties, such as a valve-opening stage of an intake 
valve and an exhaust air bulb and valve-opening time amount, can be changed, as a result 
improvement in an output, reduction of emission, etc. in an internal combustion engine can be aimed 
at now. 

[0007] The inlet-valve lag control unit and the cam change-over device are prepared in this valve 
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timing adjustment. An inlet-valve lag control device carries out the lag of the inhalation-of-air cam 
shaft at the time of an internal combustion engine's low loading, carries out the tooth lead angle of 
the inhalation-of-air cam shaft, and carries out the valve-opening stage of an intake valve early 
gradually as the valve-opening stage of an intake valve is delayed and an internal combustion 
engine's load increases. Moreover, a cam change-over device switches a cam so that the closing 
motion drive of the intake valve may be carried out by either the cam for high rotation prepared in 
the cam shaft or the cams for low rotation, and it changes the valve-opening time amount and the 
amount of valve lifts of an intake valve by switch of the cam. 

[0008] That is, a cam change-over device enlarges the amount of valve lifts while it switches a cam 
so that the cam for high rotation may carry out the closing motion drive of the intake valve and 
shortens valve-opening time amount of an intake valve, when an internal combustion engine is more 
than a predetermined engine speed. Moreover, a cam change-over device makes the amount of valve 
lifts small while it switches a cam so that the cam for low rotation may carry out the closing motion 
drive of the intake valve and lengthens valve-opening time amount of an intake valve, when an 
internal combustion engine is below a predetermined engine speed. 

[0009] Furthermore, in the internal combustion engine, when slowing down by the throttle-valve 
close by-pass bulb completely in order to reduce emission further or to save a fuel for example, 
generally the so-called fuel cut which carries out a fuel cut so that a fuel may not be injected from a 
fuel injection valve is performed. 

[0010] Therefore, in such an internal combustion engine, improvement in an output and reduction of 
emission are achieved by modification of the closing motion property in an intake valve, and while a 
fuel cut moreover much more performs reduction of emission, fuel consumption can be raised. 
[0011] 

[Problem(s) to be Solved by the Invention] By the way, at the time of the fuel cut in the above- 
mentioned internal combustion engine, only air is inhaled to a combustion chamber in the case of 
[ like an inhalation-of-air line ], and the air of a combustion chamber is discharged after that through 
a flueway and a catalyst outside in the case of [ like an exhaust air line ]. Consequently, degradation 
of a catalyst will be promoted by the oxygen contained in the air which passes a catalyst, in this way, 
the time of usual operation of the internal combustion engine of which the fuel cut is canceled when 
a catalyst deteriorates - setting - HC, CO, and NOx etc. - aggravation of emission - discharge 
increases — will be caused. 

[0012] Moreover, since the intake valve is open in the case of [ like an inhalation-of-air line ] at the 
time of a fuel cut, effectiveness of the so-called engine brake is also getting worse, this invention is 
made in view of such the actual condition — having — the purpose — the en at the time of a fuel cut — 
a jib - it is in offering the valve timing control unit of the internal combustion engine which can 
raise work of a lake and can reduce degradation of the catalyst at the time of a fuel cut. 
[0013] 

[Means for Solving the Problem] In order to make the above-mentioned purpose attain, especially in 
invention according to claim 1 , it had a fuel cut detection means to detect that the fuel supply to an 
internal combustion engine was cut, and the control means which carries out tooth-lead-angle control 
of the valve-opening stage adjustable means so that the valve-opening stage of an intake valve may 
be brought forward when said fuel cut detection means detects a fuel cut. 

[0014] If the fuel supply to an internal combustion engine is cut, since the valve-opening stage of an 
intake valve will be brought forward according to this configuration, the time amount to which the 
intake valve is opening the inhalation-of-air line to inside becomes short. Therefore, it can set like 
the inhalation-of-air line at the time of a fuel cut, can carry out that it is hard to make air inhale to a 
combustion chamber, and work of engine brake can be raised now. Moreover, since the amount of 
the air sent to a catalyst in the case of [ like an exhaust air line ] when air becomes is hard to be 
inhaled to a combustion chamber decreases, degradation of a catalyst can be reduced. 
[0015] The 1st cam of having been prepared especially in invention according to claim 2, in order to 
carry out the closing motion drive of the intake valve, The 2nd cam with the valve-opening time 
amount longer than the valve-opening time amount when carrying out the closing motion drive of 
said intake valve by said 1st cam when being prepared in order to carry out the closing motion drive 
of said intake valve, and carrying out the closing motion drive of the intake valve, The cam means 
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for switching which switches said 1st and 2nd cams according to an internal combustion engine's 
operational status, When a fuel cut detection means to detect that the fuel supply to said internal 
combustion engine was cut, and said fuel cut detection means detect a fuel cut, On condition that the 
cam which carries out the closing motion drive of said intake valve was switched to said 1st cam, 
while controlling said cam means for switching, it had the control means which carries out tooth- 
lead-angle control of the valve-opening stage adjustable means so that the valve-opening stage of 
said intake valve may be brought forward. 

[0016] According to this configuration, at the time of a fuel cut, where the closing motion drive of 

the intake valve was carried out by the 1 st cam and valve-opening time amount of the intake valve is 

shortened, a valve-opening stage is brought forward. Therefore, time amount which sets like an 

inhalation-of-air line and the intake valve is opening can be further shortened now. 

[0017] In invention according to claim 3, when said fuel cut detection means detects a fuel cut, said 

control means shall carry out tooth-lead-angle control of said valve-opening stage adjustable means 

so that it may lap at the valve-opening period of the exhaust air bulb by which the full open valve 

period of said intake valve was prepared for said internal combustion engine. 

[0018] According to this configuration, at the time of a fuel cut, since the full open valve period of 

an intake valve laps with the valve-opening period of an exhaust air bulb, the time amount to which 

the intake valve is opening the inhalation-of-air line to inside becomes the shortest. Consequently, 

since the amount of the air which flows to a catalyst is stopped to the minimum, degradation of the 

catalyst by the oxygen contained in the air etc. is prevented more certainly. 

[0019] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt which materialized this invention in the 
engine of an automobile is explained according to drawing 1 - drawing 19 . 
[0020] As shown in drawing 1 and drawing 2 , in the engine 1 1, the crankshaft 12 with which 
sprocket 12a was attached is formed in the lower part pivotable, and the cylinder block 13 is formed 
in the bottom. The cylinder head 14 is attached in the top face of a cylinder block 13, and the 
inhalation-of-air cam shaft 15 and the exhaust air cam shaft 16 which are prolonged in parallel with 
the cylinder head 14 are supported pivotable. The valve timing adjustment device 17 equipped with 
sprocket 17a is attached in the edge of the inhalation-of-air cam shaft 15, and sprocket 16a is 
attached in the edge of the exhaust air cam shaft 16. And Sprockets 16a and 17a are connected with 
sprocket 12a of a crankshaft 12 through the timing chain 18. Moreover, two or more amount 
adjustment devices 21 of valve lifts which equipped the inhalation-of-air cam shaft 15 with the low 
lift air inlet cam 1 9 and the high lift air inlet cam 20 are established, and two or more exhaust cams 

22 are being fixed to the exhaust air cam shaft 16. 

[0021] on the other hand, it is shown in drawing 3 - as - the inside of a cylinder block 13 - a piston 

23 — a round trip — it is prepared movable and the piston 23 is connected with the crankshaft 12 
through the connecting rod 24. Both-way migration of a piston 23 is changed into rotation of a 
crankshaft 12 by this connecting rod 24. Moreover, a combustion chamber 25 is formed between the 
head of a piston 23, and the cylinder head 14, and the combustion chamber 25, the suction port 26 
open for free passage, and the exhaust air port 27 are established in the cylinder head 14. The intake 
valve 28 and the exhaust air bulb 29 are formed in the suction port 26 and the exhaust air port 27, 
respectively. 

[0022] And a suction port 26 and a combustion chamber 25 are opened for free passage and 
intercepted by closing motion of an intake valve 28, and the exhaust air port 27 and a combustion 
chamber 25 are opened for free passage and intercepted by closing motion of the exhaust air bulb 29. 
The closing motion drive of this intake valve 28 is performed by the low lift air inlet cam 19 or the 
high lift air inlet cam 20 of said inhalation-of-air cam shaft 15, and the closing motion drive of the 
exhaust air bulb 29 is performed by the exhaust cam 22 of said exhaust air cam shaft 16. 
[0023] An intake manifold 30 and EGUZOSUTOMANIHORUDO 31 are connected to the suction 
port 26 and the exhaust air port 27, respectively. The inside of this intake manifold 30 and a suction 
port 26 serves as the inhalation-of-air path 32, and the inside of EGUZOSUTOMANIHORUDO 31 
and the exhaust air port 27 serves as a flueway 33. 

[0024] In the intake manifold 30, the air cleaner 34 equipped with filter 34a is formed in the edge of 
the upstream, and the throttle valve 35 is formed in the downstream rather than this air cleaner 34. 
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The opening of a throttle valve 35 is adjusted by operating the accelerator of an automobile, and the 
amount of the air inhaled into a combustion chamber 25 by opening accommodation of this throttle 
valve 35 is adjusted. 

[0025] Moreover, the throttle sensor 36 for detecting the opening of a throttle valve 35 and the 
intake-pressure sensor 37 for detecting the pressure in the inhalation-of-air path 32 located in the 
downstream rather than a throttle valve 35 are formed in the intake manifold 30. Furthermore, the 
fuel injection valve 38 for injecting a fuel [ into a combustion chamber 25 ] is formed in the edge by 
the side of the combustion chamber 25 in an intake manifold 30. When air is inhaled through the 
inhalation-of-air path 32 to a combustion chamber 25, this fuel injection valve 38 injects a fuel 
towards a combustion chamber 25, and forms the mixed gas which consists of a fuel and air. 
[0026] Moreover, ignition plug 39a for lighting the mixed gas inhaled to the combustion chamber 25 
is prepared in the cylinder head 14. This ignition plug 39a is connected to the distributor 39 formed 
in the engine 1 1 . The rotational frequency sensor 40 which detects the rotational frequency of an 
engine 1 1 from rotation of Rota which is interlocked with rotation of an engine 1 1 and rotated, and 
which is not illustrated, and Rota is prepared for the distributor 39. 

[0027] Thus, in the constituted engine 11, if ignition is performed by ignition plug 39a to the mixed 
gas inhaled in the combustion chamber 25, mixed gas will explode, will become exhaust gas and will 
be sent out to a flue way 33. The exhaust gas in a flue way 33 is discharged outside through the 
catalytic converter 41 connected to the downstream of the combustion chamber 25 in 
EGUZOSUTOMANIHORUDO 31. Catalyst 41a for purifying exhaust gas is built in this catalytic 
converter 41. 

[0028] Next, the concrete configuration of said valve timing adjustment device 17 is explained. As 
shown in drawing 4 , the sleeve 71 which journal 15a of the inhalation-of-air cam shaft 15 penetrates 
is supported pivotable with bearing 14a of the cylinder head 14, and the cam cap 72. Moreover, the 
inhalation-of-air cam shaft 15 is pivotable to a sleeve 71 . Flange 71a which projects in the direction 
of a path of the inhalation-of-air cam shaft 15 is prepared in the tip side (left-hand side in drawing 4 ) 
of a sleeve 7 1 . Sprocket 1 7a and the covering plate 73 which were mentioned above have put on the 
apical surface of this flange 71a one by one in the direction of an axis of the inhalation-of-air cam 
shaft 15. 

[0029] On the other hand, at the tip of the inhalation-of-air cam shaft 15, the rotation member 74 is 
fixed by the bolt 75 and the pin 76, and the rotation member 74 is the inhalation-of-air cam shaft 15 
and really rotated at it. The tooth-lead-angle control oilway 5 1 and the lag control oilway 52 are 
formed in bearing 14a of the rotation member 74, the inhalation-of-air cam shaft 15, a sleeve 71, and 
the cylinder head 14 like illustration. 

[0030] Moreover, the housing 77 prepared so that the rotation member 74 might be covered is in 
contact with the apical surface of said covering plate 73. And housing 77, the covering plate 73, 
sprocket 17a, and a sleeve 71 are really connected pivotable by the bolt 78 and the pin 79. 
[0031] Here, the detail structure of these rotation member 74 in this valve timing adjustment device 
1 7 and housing 77 is explained. As shown in drawing 5 and drawing 6 , three slots 80 are formed in 
the hoop direction of housing 77 at equal intervals at the inner skin of housing 77. Moreover, three 
vanes 81 which project in the direction of a path of the rotation member 74 in the peripheral face of 
the rotation member 74 are formed also for this in the hoop direction of this rotation member 74 at 
equal intervals. Each of this vane 81 is inserted in each slot 80 of housing 77, respectively, and 
partition formation of the tooth-lead-angle side oil pressure room 82 and the lag side oil pressure 
room 83 is carried out into these slots 80 at the hoop direction both sides of each vane 81, 
respectively. And said tooth-lead-angle control oilway 5 1 and the lag control oilway 52 are opened 
for free passage by these tooth-lead-angles side oil pressure room 82 and the lag side oil pressure 
room 83, respectively. 

[0032] Therefore, while being in such a valve timing adjustment device 17 and supplying oil to the 
tooth-lead-angle side oil pressure room 82 from the tooth-lead-angle control oilway 51 If oil is 
discharged through the lag control oilway 52 from the lag side oil pressure room 83, based on 
migration in the mode which **** to drawing 6 of each vane 81, the above-mentioned rotation 
member 74 will rotate in the direction of said drawing 6 Nakamigi, and the phase pair-of- 
observations rearrangement phase of the inhalation-of-air cam shaft 15 to sprocket 17a will be 
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changed. If it is incidentally in this valve timing adjustment device 17, based on rotation of the 
crankshaft 12 transmitted through said timing chain 18, sprocket 17a (housing 77) and the 
inhalation-of-air cam shaft 15 are both rotated rightward in drawing 5 and drawing 6 . Therefore, in 
this case, the tooth lead angle of the inhalation-of-air cam shaft 15 will be carried out to a crankshaft 
12, and the valve-opening stage of an intake valve 28 comes to be brought forward. 
[0033] Moreover, if oil is discharged through the tooth-lead-angle side control oilway 51 from the 
tooth-lead-angle side oil pressure room 82 while oil is supplied to the lag side oil pressure room 83 
from the lag control oilway 52, based on migration in the mode which **** to drawing 5 of each 
vane 81, the above-mentioned rotation member 74 will rotate leftward in said drawing 5 , and the 
phase pair-of-observations rearrangement phase of the inhalation-of-air cam shaft 15 to sprocket 17a 
will be changed into the above and hard flow. If it is in this valve timing adjustment device 17, in 
this case, the lag of the inhalation-of-air cam shaft 15 will be carried out to a crankshaft 12, and the 
valve-opening stage of an intake valve 28 comes to be delayed. 

[0034] In addition, modification of the closing motion stage property of such an intake valve 28 
usually brings forward the valve-opening stage of an intake valve 28 so that a valve overlap may 
decrease, in order to attain stabilization of an engine speed at the time of the idle of the - engine 11. 
[0035] - When an engine 11 is in a low rotation heavy load condition, in order to raise an output 
torque, bring the clausilium of an intake valve 28 forward. - When an engine 11 is in a high rotation 
condition, in order to raise inhalation-of-air effectiveness, make clausilium of an intake valve 28 late. 
It carries out in the form of ****. 

[0036] Next, the concrete configuration of said amount adjustment device 21 of valve lifts is 
explained. As shown in drawing 7 , said low lift air inlet cam 19 and the high lift air inlet cam 20 are 
attached in the inhalation-of-air cam shaft 15. The low lift air inlet cam 19 is formed in the pair in 
the form whose high lift air inlet cam 20 is pinched. Said intake valve 28 is formed in the location 
corresponding to both these air inlet cams 19 and 20. Moreover, through tubes 19a and 20a were 
formed in both the air inlet cams 1 9 and 20, and the inhalation-of-air cam shaft 1 5 has penetrated 
these through tubes 19a and 20a. And the inner skin of through tube 19a prepared in the low lift air 
inlet cam 19 fixes to the peripheral face of the inhalation-of-air cam shaft 15, and through tube 20a 
of the high lift air inlet cam 20 is formed in the major diameter rather than the inhalation-of-air cam 
shaft 15. 

[0037] On the axis of the inhalation-of-air cam shaft 15, the oil pressure path 84 which extends along 
with the axis is formed. In the oil pressure path 84, it is prepared so that the pressure receiving 
member 85 of a pair may move in a zigzag direction in the shape of abbreviation for S characters in 
the direction of an axis of the inhalation-of-air cam shaft 15 and may be prolonged to it. Moreover, it 
is prepared in the inhalation-of-air cam shaft 15 so that the hole 86 of a pair may be prolonged in the 
direction of a path of this inhalation-of-air cam shaft 15. The pin 87 of the pair which projects so that 
this hole 86 may be countered from the inner skin of through tube 20a prepared in the high lift air 
inlet cam 20 penetrates, and these pins 87 touch said pressure receiving member 85. On the other 
hand, between the pressure receiving member 85 of a pair, and the both ends of the oil pressure path 
84, a coil spring 88 is formed, respectively, and the feeding-and-discarding path 56 is opened for free 
passage by the part located between the pressure receiving members 85 of a pair at the oil pressure 
path 84. 

[0038] Therefore, if it is in such an amount adjustment device 21 of valve lifts and oil is supplied to 
the oil pressure path 84 from the feeding-and-discarding path 56, the oil pressure in the oil pressure 
path 84 will rise, and the pressure receiving member 85 of a pair will move in the direction which 
resists the energization force of a coil spring 86 and is estranged mutually. A pressure receiving 
member 85 makes push and its high lift air inlet cam 20 the high lift air inlet cam 20 project to the 
outside of the inhalation-of-air cam shaft 15 rather than the low lift air inlet cam 19 through the pin 
87 of a pair by this migration. Consequently, the closing motion drive of the intake valve 28 comes 
to be carried out by the high lift air inlet cam 20. 

[0039] Moreover, if the oil in the oil pressure path 84 is discharged through the feeding-and- 
discarding path 56, the oil pressure in the oil pressure path 84 will fall, and the pressure receiving 
member 85 of a pair will move to the above and hard flow according to the energization force of a 
coil spring 88. A pressure receiving member 85 lengthens the high lift air inlet cam 20 through the 
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pin 87 of a pair by this migration, and that high lift air inlet cam 20 is engrossed toward the axis of 
the inhalation-of-air cam shaft 15. Consequently, the closing motion drive of the intake valve 28 
comes to be carried out by the low lift air inlet cam 19. 

[0040] In addition, when the closing motion drive of the intake valve 28 is carried out by the high lift 
and the low lift air inlet cams 20 and 19, the closing motion property of an intake valve 28 turns into 
a property shown in drawing 10 with a continuous line X and a broken line Yl, respectively. That is, 
the amount of lifts of the intake valve 28 when a closing motion drive is carried out by the high lift 
air inlet cam 20 becomes larger than the amount of lifts of the intake valve 28 when a closing motion 
drive is carried out by the low lift air inlet cam 19. Moreover, the valve-opening time amount of the 
intake valve 28 when a closing motion drive is carried out by the high lift air inlet cam 20 becomes 
longer than the valve-opening time amount of the intake valve 28 when a closing motion drive is 
carried out by the low lift air inlet cam 19. 

[0041] This carries out the closing motion drive of the intake valve 28 by the low lift air inlet cam 19 
at the time of low rotation of an engine 11, lessens the inhalation air content to an engine 11, carries 
out the closing motion drive of the intake valve 28 by the high lift air inlet cam 20 at the time of high 
rotation of an engine 1 1, and is for [ to an engine 1 1 ] carrying out inhalation air content many. 
[0042] On the other hand, if the valve timing adjustment device 17 mentioned above is operated and 
the valve-opening stage of an intake valve 28 is brought forward when the closing motion drive of 
the intake valve 28 is carried out by the low lift air inlet cam 19, the closing motion property of an 
intake valve 28 will be gradually changed into the condition which shows with a broken line Y2 
from the condition shown in drawin g 10 with a broken line Yl . And if the inhalation-of-air cam shaft 
15 will be in the maximum tooth-lead-angle condition, the closing motion property of an intake 
valve 28 will be in the condition which shows with a broken line Y2, and the full open valve period 
of an intake valve 28 will lap with the valve-opening period of the exhaust air bulb 29 shown in this 
drawing 10 as a continuous line Z. 

[0043] Next, the feeding and discarding of the oil are carried out to said valve timing adjustment 
device 17 and the amount adjustment device 21 of valve lifts, and the hydraulic circuit for operating 
these devices 1 7 and 1 8 is explained. 

[0044] As shown in drawing 8 , the tooth-lead-angle control oilway 5 1 and the lag control oilway 52 
of the valve timing adjustment device 17 are connected to the supply path 54 and the discharge path 
55 through the oil control valve (OCV) 53. Moreover, the feeding-and-discarding path 56 of the 
amount adjustment device 21 of valve lifts is connected to the supply path 54 and the discharge path 
58 through the oil switching valve (OSV) 57. 

[0045] The supply path 54 is connected through the oil pump 59 driven with rotation of said 
crankshaft 12 for example, in the oil pan mechanism 60 formed in the lower part of an engine 11, 
and the discharge paths 55 and 58 are connected in the direct oil pan mechanism 60. In addition, 
rather than the oil pump 59, in the downstream, it has branched to two forks, and, as for the supply 
path 54, the branched supply path 54 is connected to OCV53 and OSV57, respectively. 
[0046] OCV53 — the solenoid operated directional control valve of a 2 location 4 port mold — it is — 
electromagnetism — in the magnetic neutral state of a solenoid 61, it is switched so that A side 
stream way may be chosen according to the energization force of a spring 62. moreover, 
electromagnetism — excitation of a solenoid 61 switches OCV53 so that B side stream way may be 
chosen. 

[0047] OCV53 switched so that A side stream way might be chosen makes the supply path 54 and 
the tooth-lead-angle control oilway 51 open for free passage, and makes the discharge path 55 and 
the lag control oilway 52 open for free passage. Consequently, the oil in an oil pan mechanism 60 is 
supplied to the valve timing adjustment device 17 by the oil pump 59 through the supply path 54, 
OCV53, and the tooth- lead-angle control oilway 51. Moreover, the oil which was in the valve timing 
adjustment device 17 is returned in an oil pan mechanism 60 through the lag control oilway 52, 
OCV53, and the discharge path 55. The valve timing adjustment device 17 in which oil was supplied 
from the tooth- lead-angle control oilway 51 carries out the tooth lead angle of the inhalation-of-air 
cam shaft 15 to a crankshaft 12, as mentioned above, and it brings forward the valve-opening stage 
of an intake valve 28. 

[0048] OCV53 switched on the other hand so that B side stream way might be chosen makes the 
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supply path 54 and the lag control oilway 52 open for free passage, and makes the discharge path 55 
and the tooth- lead-angle control oilway 5 1 open for free passage. Consequently, the oil in an oil pan 
mechanism 60 is supplied to the valve timing adjustment device 17 by the oil pump 59 through the 
supply path 54, OCV53, and the lag control oilway 52. Moreover, the oil which was in the valve 
timing adjustment device 17 is returned in an oil pan mechanism 60 through the tooth-lead-angle 
control oilway 51, OCV53, and the discharge path 55. The valve timing adjustment device 17 in 
which oil was supplied from the lag control oilway 52 carries out the lag of the inhalation-of-air cam 
shaft 15 to a crankshaft 12, as mentioned above, and it makes late the valve-opening stage of an 
intake valve 28. 

[0049] said OSV57 — the solenoid operated directional control valve of a 2 location 3 port mold — it 
is — electromagnetism — in the magnetic neutral state of a solenoid 63, it is switched so that A side 
stream way may be chosen according to the energization force of a spring 64. moreover, 
electromagnetism — excitation of a solenoid 63 switches OSV57 so that B side stream way may be 
chosen. 

[0050] OSV57 switched so that A side stream way might be chosen makes the supply path 54 and 
the feeding-and-discarding path 56 open for free passage, and intercepts the discharge path 58. 
Consequently, the oil in an oil pan mechanism 60 is supplied to the amount adjustment device 21 of 
valve lifts by the oil pump 59 through the supply path 54, OSV57, and the feeding-and-discarding 
path 56. If it is in this condition, the oil pressure within the amount adjustment device 21 of valve 
lifts rises, and the amount adjustment device 21 of the said valve lifts operates so that the cam which 
carries out the closing motion drive of the intake valve 28 as mentioned above may be switched to 
the high lift air inlet cam 20 from the low lift air inlet cam 1 9. 

[0051] OSV57 switched on the other hand so that B side stream way might be chosen makes the 
discharge path 58 and the feeding-and-discarding path 56 open for free passage, and intercepts the 
supply path 54. Consequently, the oil within the amount adjustment device 21 of valve lifts is 
returned into an oil pan mechanism 60 through the feeding-and-discarding path 56, OSV57, and the 
discharge path 58, and the oil pressure of the oil within the amount adjustment device 21 of the said 
valve lifts is decompressed. If it is in this condition, the amount adjustment device 21 of valve lifts 
operates so that the cam which carries out the closing motion drive of the intake valve 28 as 
mentioned above may be switched to the low lift air inlet cam 19 from the high lift air inlet cam 20. 
[0052] Next, the electric configuration of the above-mentioned BAL buoy MINGU control unit is 
explained. As shown in drawing 9 , the electronic control unit (henceforth "ECU") 89 prepared in the 
valve timing control unit is equipped with ROM90, CPU91, RAM92, and backup RAM 93. 
[0053] The map referred to in case various control programs and the various control programs of 
those are performed to ROM90 is memorized, and CPU91 performs data processing based on the 
various control programs memorized by ROM90. Moreover, RAM92 memorizes temporarily the 
data inputted from the result of an operation and each sensor in CPU91, and backup RAM 93 
memorizes the data which should be saved at the time of a halt of an engine 11. And ROM90, 
CPU91, RAM92, and backup RAM 93 are connected with the input interface 95 and the output 
interface 96 while connecting mutually through a bus 94. 

[0054] Said rotational frequency sensor 40, the intake-pressure sensor 37, and the throttle sensor 36 
are connected to the input interface 95, and said fuel injection valve 38, and OCV53 and OSV57 are 
connected to the output interface 96. 

[0055] Next, the control mode by the valve timing control device of this operation gestalt is 
explained with reference to the flow chart of drawing 1 1 - drawing 15 . In addition, drawing 1 1 
shows the control routine about valve timing control, and drawing 12 R> 2 shows the control routine 
about the amount control of valve lifts. Moreover, drawing 13 shows the control routine about the 
fuel cut control at the time of an idle, and drawing 14 shows the control routine about the fuel cut 
control at the time of irregular fuel injection. Furthermore, drawing 15 shows the control routine 
about the valve timing control at the time of a fuel cut. Each [ these ] control is repeatedly performed 
through ECU89 with a predetermined period. 

[0056] In the valve timing control routine shown in drawing 1 1 , ECU89 reads an engine speed ne as 
processing of step SI 01 based on the detecting signal from the engine-speed sensor 40 which detects 
the engine speed of an engine 11. Combining, ECU89 reads the detection value of the intake- 
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pressure sensor 37 which detects the load of an engine 1 1, for example, the pressure in the 
inhalation-of-air path 32, at step SI 02. Then, ECU89 is step SI 03 and reads the valve timing tooth- 
lead-angle map shown in drawing 16 R> 6 memorized by ROM90. This valve timing tooth-lead- 
angle map is a map which makes a parameter an engine speed ne and torque (load) of an engine 1 1 . 
[0057] And when it is in the field A where the operational status of an engine 1 1 is shown all over 
drawing, ECU89 operates the valve timing adjustment device 17 so that drive control of OCV53 may 
be carried out and the inhalation-of-air cam shaft 1 5 may carry out a tooth lead angle. Moreover, 
except for the case where it is in the field B where the operational status of an engine 1 1 is shown all 
over drawing, when there is no operational status of an engine 1 1 into said field A, ECU89 operates 
the valve timing adjustment device 17 so that the inhalation-of-air cam shaft 15 may carry out a lag 
by drive control of OCV53. 

[0058] Next, in the amount control routine of valve lifts shown in drawing 12 , ECU89 reads an 
engine speed ne as processing of step S202 based on the detecting signal from the engine-speed 
sensor 40. Combining, ECU89 reads the detection value from the load 37, for example, the intake- 
pressure sensor, of an engine 1 1 at step S202. Then, ECU89 is step S203 and reads the amount 
change-over map of valve lifts shown in drawing 17 memorized by ROM90. This amount change- 
over map of valve lifts is also a map which makes a parameter an engine speed ne and torque (load) 
of an engine 11. 

[0059] And when located in the direction side of arrow-head alpha from the straight line L the 
operational status of an engine 1 1 is indicated to be all over drawing, ECU89 performs drive control 
of OSV57, and it operates the amount adjustment device 21 of valve lifts so that the closing motion 
drive of the intake valve 28 may be carried out by the high lift air inlet cam 20. Moreover, when the 
operational status of an engine 1 1 is located in the direction side of arrow-head beta from a straight 
line L, ECU89 performs drive control of OSV57, and it operates the amount adjustment device 21 of 
valve lifts so that the closing motion drive of the intake valve 28 may be carried out by the low lift 
cam 19. 

[0060] Next, in a fuel cut control routine, a throttle valve 35 judges whether it is a close by-pass bulb 
completely as processing of step S301 based on the detecting signal from the throttle sensor 36 by 
which ECU89 detects the opening of a throttle valve 35 at the time of the idle who shows drawing 
13 . And when ECU89 judges that a throttle valve 35 is not a close by-pass bulb completely, ECU89 
once ends this control routine. Moreover, when ECU89 judges that a throttle valve 35 is a close by- 
pass bulb completely, i.e., an idle state, it progresses to step S302. 

[0061] ECU89 is step S302 and an engine speed ne judges whether it is more than engine-speed Nl 
(for example, 1400rpm) based on the detecting signal from the engine-speed sensor 40. In addition, 
an engine speed Nl is beforehand memorized by ROM90, and the value is a big value from the 
engine speed at the time of an idle. Here, when ECU89 judges that an engine speed ne is smaller 
than an engine speed Nl, ECU89 once terminates this control routine. Moreover, an engine speed ne 
progresses to step S303, when one or more rotational frequencies ECU [ N and ] 89 judge. 
[0062] ECU89 sets the fuel cut flag at the time of an idle to "1" as processing of step S303. Then, it 
progresses to step S304 and ECU89 cuts fuel supply to a fuel injection valve 38 (fuel cut). 
[0063] Moreover, as for ECU89, by the fuel cut control routine, an engine speed ne judges whether it 
is more than engine-speed N2 (for example, 1600rpm) as processing of step S401 based on the 
detecting signal from the engine-speed sensor 40 at the time of the cyclic irregularity of injection 
shown in drawing 14 . In addition, an engine speed N2 is also beforehand memorized by ROM90, 
and the value is a large value from the engine speed at the time of an idle. Here, when ECU89 judges 
that an engine speed ne is smaller than an engine speed N2, ECU89 once terminates this control 
routine. Moreover, an engine speed ne progresses to step S402, when two or more rotational 
frequencies ECU [ N and ] 89 judge. 

[0064] ECU89 judges whether the fuel injection duration TAU of the fuel injection valve 38 
calculated as processing of step S402 based on an engine speed, an intake pressure, throttle opening, 
etc. is below a certain predetermined time amount t. In addition, time amount t is beforehand 
memorized by ROM90, and the value is a value corresponding to the fuel injection duration TAU of 
the fuel injection valve 38 when a throttle valve 35 opens minutely. Here, when ECU89 judges that 
fuel injection duration TAU is larger than time amount t, ECU89 once terminates this control 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/8/2006 



JP,10-115234,A [DETAILED DESCRIPTION] 



Page 9 of 1 1 



routine. Moreover, when ECU89 judges that fuel injection duration TAU is below the time amount t, 
i.e., cyclic irregularity of injection, it progresses to step S403. 

[0065] ECU89 sets the fuel cut flag at the time of cyclic irregularity of injection to "1" as processing 
of step S403. Then, it progresses to SUTTEPU S404 and ECU89 cuts fuel supply to a fuel injection 
valve 38 (fuel cut). 

[0066] an idle state ~ be — moreover, the time of irregular fuel injection — be — while aiming at 
reduction of the emission in an engine 1 1 by performing a fuel cut as mentioned above, it is as 
having mentioned above that consumption of a fuel can be lessened and fuel consumption can be 
raised now. 

[0067] Next, in a valve timing control routine, ECU89 judges whether the fuel cut flag at the time of 
the idle who mentioned above is set to "1" as processing of step S501 at the time of the fuel cut 
shown in drawing 15 . And when ECU89 judges that the fuel cut flag at the time of an idle is set to 
"1", it progresses to step S503. Moreover, when ECU89 judges that the fuel cut flag at the time of an 
idle is not set to "1", it progresses to step S502. 

[0068] ECU89 judges whether the fuel cut flag at the time of the cyclic irregularity of injection 
mentioned above is set to "1" as processing of step S502. And when ECU89 judges that the fuel cut 
flag at the time of cyclic irregularity of injection is not set to "1", this control routine is once 
terminated. Moreover, when ECU89 judges that the fuel cut flag at the time of cyclic irregularity of 
injection is set to "1", it progresses to step S503. 

[0069] When it progresses to this step S503, since the fuel cut is made, an engine 1 1 will be operated 
in the condition that it is located in the field B of drawing 1616 , and the amount adjustment device 
21 of bubble lifts is operating so that the closing motion drive of the intake valve 28 may be carried 
out by the low lift air inlet cam 19. That is, if it is in this condition, the closing motion property of 
that intake valve 28 will be in the condition which shows in drawing 10 with a broken line Yl, and 
while the valve-opening time amount of this intake valve 28 becomes short, compared with the 
closing motion property (the broken line X in drawing) of the intake valve 28 when a closing motion 
drive is carried out by the high lift air inlet cam 20, the amount of lifts is small. 
[0070] And ECU89 judges whether the cam which carries out the closing motion drive of the intake 
valve 28 as processing of step S503 based on the control signal for controlling OSV57 is the low lift 
air inlet cam 19, and on condition that the cam which carries out the closing motion drive of this 
intake valve 28 is the low lift air inlet cam 19, it progresses to step S504. In addition, since a certain 
abnormalities can be considered when it is judged that the cam which carries out the closing motion 
drive of the intake valve 28 is not the low lift air inlet cam 19 at this time, proper error processing is 
performed and this control routine is once terminated. 

[0071] ECU89 performs drive control of OCV53 as processing of step S504, and it operates the 
valve timing adjustment device 17 so that the inhalation-of-air cam shaft 15 may be in the maximum 
tooth-lead-angle condition. Consequently, the closing motion property of an intake valve 28 will be 
in the condition which shows in drawing 10 with a broken line Y2, and the full open valve period of 
an intake valve 28 will come to lap with the valve-opening period of the exhaust air bulb 29 shown 
as a continuous line Z. 

[0072] That is, when the full open valve timing of the intake valve 28 which mentioned above the 
exhaust air line (BDC->TDC) of an engine 1 1 to the valve-opening stage of the exhaust air bulb 29 
opened to inside laps, the time amount to which the intake valve 28 is opening the inhalation-of-air 
line (TDC->BDC) of an engine 1 1 to inside becomes the shortest. Therefore, it sets like the 
inhalation-of-air line of the engine 1 1 in the time of a fuel cut, and while making into the minimum 
air inhaled to a combustion chamber 25, the amount of the air sent to a catalytic converter 41 can be 
made into the minimum, and degradation of catalyst 41a by the oxygen contained in the air is 
prevented certainly. 

[0073] Moreover, generally, at the time of the low loading of an engine which performs a fuel cut, 
the valve-opening stage of an intake valve is delayed, a valve overlap is shortened, and stabilizing 
engine operational status is performed. Consequently, in the former, since the time amount to which 
the intake valve is opening the inhalation-of-air line to inside became long, the inhalation-of-air line 
at the time of a fuel cut became comparatively small as the negative pressure in an inner cylinder 
was shown in drawing 18 , and effectiveness of engine brake was getting worse. 
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[0074] However, with the equipment of this operation gestalt, by performing valve timing control 
and the amount control of valve lifts which were mentioned above, it sets like the inhalation-of-air 
line of the engine 1 1 in the time of a fuel cut, and air becomes is hard to be inhaled in a cylinder. 
Therefore, since an inhalation-of-air line becomes larger than before as the negative pressure in an 
inner cylinder shows drawing 19 at the time of a fuel cut, effectiveness of the engine brake at that 
time can be raised. 

[0075] As explained in full detail above, according to this operation gestalt, the effectiveness shown 
in following (a) and (b) comes to be acquired. 

(a) At the time of a fuel cut, a switch of a cam is performed so that an intake valve 28 may be driven 
by the low lift air inlet cam 19, and valve-opening time amount of the intake valve 28 is shortened. 
Furthermore, by the condition voice, the valve-opening stage of this intake valve 28 is brought 
forward until the full open valve timing of an intake valve 28 laps with the valve-opening stage of 
the exhaust air bulb 29. Therefore, since the time amount to which the intake valve 28 is opening the 
inhalation-of-air line to inside becomes the shortest, air which sets like the inhalation-of-air line in 
the time of a fuel cut, and is inhaled to a combustion chamber 25 can be made into the minimum. 
Therefore, the amount of the air sent to a catalytic converter 41 at the time of a fuel cut can be made 
into the minimum, and degradation of catalyst 41a by the oxygen contained in the air can be 
prevented certainly. 

[0076] (b) In inside, since the negative pressure in a cylinder becomes large rather than before, air 
inhaled for the reason mentioned above to a combustion chamber 25 being used as the minimum, 
effectiveness of the engine brake at the time of a fuel cut can be raised as the inhalation-of-air line at 
the time of a fuel cut. 

[0077] In addition, this invention can be changed as follows and can also be materialized, for 
example. 

(1) The valve timing adjustment device 17 of this operation gestalt may be changed into the thing of 
a ring wheel type which is indicated by said official report (JP,5-5430,A), for example. 
[0078] (2) the amount adjustment device 21 of valve lifts - omitting - the time of a fuel cut - the 
amount of lifts of an intake valve 28 — not changing — only bringing forward the valve-opening 
stage of this bulb 28 according to the valve timing adjustment device 17 - even if — it is good. In 
this case, the configuration of a valve timing control unit can be simplified. Moreover, since the time 
amount to which the intake valve 28 is opening the inhalation-of-air line to inside becomes shorter 
than before, the effectiveness according to an example can be acquired. 

[0079] (3) With this operation gestalt, although it was made for the whole valve-opening period of 
an intake valve 28 to lap with the valve-opening period of the exhaust air bulb 29 at the time of a 
fuel cut, a part of valve-opening period of an intake valve 28 may lap with the valve-opening stage 
of the exhaust air bulb 29. In this case, since the time amount to which the inner intake valve 28 is 
opening the inhalation-of-air line becomes shorter than the case of the former and the above (2), the 
effectiveness which was superior to the effectiveness of the above (2), and applied to the example 
correspondingly can be acquired. 

[0080] (4) In this operation gestalt, the amount adjustment device 2 1 of valve lifts may be a thing of 
a type which changes the cam which drives an intake valve 28 by selection of a rocker arm. 
[0081] 

[Effect of the Invention] According to invention according to claim 1, since the valve-opening stage 
of an intake valve is brought forward at the time of a fuel cut, the time amount to which the intake 
valve is opening the inhalation-of-air line to inside becomes short, therefore, it sets like the 
inhalation-of-air line at the time of a fuel cut, and air is inhaled to a combustion chamber — making - 
- hard — carrying out — an en — a jib - work of a lake can be raised. Moreover, since the amount of 
the air sent to a catalyst in the case of [ like an exhaust air line ] when air becomes is hard to be 
inhaled to a combustion chamber decreases, degradation of a catalyst can be reduced. 
[0082] According to invention according to claim 2, time amount which sets like an inhalation-of-air 
line and the intake valve is opening since the valve-opening stage of the intake valve is brought 
forward where valve-opening time amount of an intake valve is shortened at the time of a fuel cut 
can be shortened further. 

[0083] According to invention according to claim 3, at the time of a fuel cut, since the time amount 
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to which the intake valve is opening the inhalation-of-air line to inside becomes the shortest, 
degradation of a catalyst etc. can be prevented more certainly. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The side elevation showing the engine of this operation gestalt. 

[Drawing 2] The top view showing the cylinder head of this engine. 

[Drawing 3] The sectional view showing the internal structure of this engine. 

[Drawing 4] The sectional view showing the configuration of a valve timing adjustment device. 

[Drawing 5] The sectional view showing the tooth- lead-angle side of a valve timing adjustment 

device, and a lag side oil pressure room. 

[Drawing 6] The sectional view showing the tooth-lead-angle side of a valve timing adjustment 
device, and a lag side oil pressure room. 

[Drawing 7] The sectional view showing the configuration of the amount adjustment device of valve 
lifts. 

[Drawing 8] The oil pressure circuit diagram showing the structure of oil feeding and discarding 
over a valve timing adjustment device and the amount adjustment device of valve lifts. 
[Drawing 9] The block circuit diagram showing the electric configuration of a valve timing control 
device. 

[Drawing 10] The timing chart showing the closing motion property of inhalation of air and an 
exhaust air bulb. 

[Drawing 1 1 ] The flow chart which shows the control mode of the valve timing control at the time of 
fuel cut discharge. 

[Drawing 12] The flow chart which shows the control mode of the amount control of valve lifts at 
the time of fuel cut discharge. 

[Drawing 13] The flow chart which shows the control mode of the fuel cut control at the time of an 
idle. 

[Drawing 14] The flow chart which shows the control mode of the fuel cut control at the time of 
cyclic irregularity of injection. 

[Drawing 1 5] The flow chart which shows the control mode of the valve timing control at the time of 
a fuel cut. 

[Drawing 16] The map which makes an engine speed and torque (load) a parameter and is used at the 
time of valve timing control. 

[Drawing 17 ] The map which makes an engine speed and torque (load) a parameter and is used at the 
time of the amount control of valve lifts. 

[Drawing 18] The explanatory view in which the inhalation-of-air line in the conventional engine 
shows inner cylinder internal pressure. 

[Drawing 19] The explanatory view in which the inhalation-of-air line in the engine of this operation 
gestalt shows inner cylinder internal pressure. 
[Description of Notations] 

11 [ — A quantity lift air inlet cam 21 / - The amount adjustment device of valve lifts, 28 / — An 
intake valve, 36 / — A throttle sensor, 37 / — An intake-pressure sensor, 38 / — A fuel injection valve, 
40 / — An engine-speed sensor, 53 / — An oil control valve (OCV), 57 / — An oil switching valve 
(OSV), 89 / - Electronic control unit (ECU). ] - An engine, 17 - A valve timing adjustment device, 
1 9 — A low lift air inlet cam, 20 
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[Drawing 1] 
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